Abstract. When ultraviolet (UV) spectral light is used to detect corona, the photon counting is used to judge the intensity of the corona discharges. However, there are many factors that would affect the photon counting, such as detection distance, instrument gain and weather, etc. In this paper, we studied the shape features of the electrical equipment, and proved that the image width of the electrical equipment is in square and proportional relation to the photon counting. Finally, the method of calculating the ultraviolet corona photon counting was also discussed to remove the distance effect, which could improve the judgment of the intensity of corona discharges.
Introduction
When high-voltage electrical equipment operates in the atmospheric environment, they easily cause the surface electric field distortion because of the dirt retention, crack or hardware lightning burns on the surface area, and this can form corona discharge, which will then accelerate the aging and deterioration speed of insulating medium [1] .
Traditional discharge detection methods include ultrasonic method and pulse current method [2] , the foregoing methods can detect equipment discharge, but they can hardly position the discharge, and they are susceptible to interference. The corona discharge can ionize the air and emit ultraviolet light, therefore in the late 1990s, the scientific research personnel in the United States, South Africa and Israel and other countries developed the ultraviolet imager according to the phenomenon [3] , in recent years, it has been more widely used in the discharge detection of high voltage equipment in the power system [4] [5] [6] [7] .
At present, the ultraviolet image adopts the detected photon number to judge the intensity of the corona discharges, but there are factors such as detection distance, gain and weather that would affect the photon counting, so it has some limitations for the photon number as a basis for judging the corona discharge intensity [5] . Generally, for the same discharge target, the closer the equipment is kept from the discharge point, the greater light spot the equipment shows and the more photon number is detected; conversely, the further the equipment is kept from the discharge point, the less photon number is detected. When the observation distance is different, the detected photon number shows no contrast value, which also brings about difficulties for the assessment of the insulation condition of the equipment and the judgment of the defect severity. At present, detection distance need to be determined according to the practical test, which can't be controlled. If we can eliminate the effect of distance on the photon counting, the photon number detection will become meaningful.
Principle and Analysis
Based on the analysis of image width of the electric equipment in the image, this paper deduces the detection distance and reckons the actual discharging photon number in the discharge point. For different detection distances and targets, this lead to the contrast value for the detected photon number.
Obtention of Photon Number
This study uses the ZF-S2 ultraviolet imager of Nanjing University 5D Technology Co., Ltd. to detect the corona. ZF-S2 ultraviolet imager has a good inhibition on the sunlight, with its smallest sensitivity of ultraviolet radiation irradiance for 3×10 -18 W/cm 2 . The equipment ultraviolet channel and the visible light channel are designed under the same optical axis, with a light path overlay accuracy better than 1 mrad. In addition, the equipment can store ultraviolet/visible light overlay video and ultraviolet video at the same time, which provides a convenience for data processing.
The Corona discharge has a certain randomness, and the ultraviolet imager is susceptible to noise interference. In order to avoid the influence of this part, this experiment adopts the video recording for data collection. At the same time, in order to avoid the poisson noise in the system, by referring to the algorithm of Dr. Yanfeng's in counting the photon number, this experiment suppresses the system noise through adopting the method of doing relevant calculation upon the images obtained from the accumulation of three consecutive frames (1 ~ 3) and the accumulation of subsequent three frames (2 ~ 4) [9] . Now, many scholars have carried out research of the effects of distance on the photon counting [1, 10] . But when corona signal is strong, some overlapping light spots cause the low counting value of the photon number, and the phenomenon is worse when it comes to a close observation, which leads to a deviation in some research data. Through manually controlling the defocus of the ultraviolet channel, this experiment allows the non-overlapping of the light spots and makes the photon counting more accurate.
Image Features of the Electrical Equipment
Substation electrical equipment mainly include transformer, insulator, busbar, lightning arrester and so on. In accordance with the construction requirements, the substation will generally select the certain models of electrical equipment, and many of these equipment have the features of circular (ring) shapes, such as grading ring, insulator, busbar ball, busbar, etc. When we observe from different directions, the image features in diameter direction of these equipment with the features of circular (ring) shapes will not deform with the observation distance and observation Angle, which creates conditions for this study in using the circular image features to calculate the actual photon number.
As shown in Figure 1 , the insulator is formed by the overlaying of multiple disk glass or ceramic discs. When we observe from different directions, the width direction of the insulator is the direction of the arrow in Figure a , and the image features will not deform. The grading ring is a circular ring, as shown in Figure b , and the image features in the diameter direction of circular ring don't change with the observation Angle. Figure c is the busbar ball, which is a sphere. The arrow direction in Figure c is the diameter of the busbar ball, and its image features do not change with the observation Angle. Figure d is the busbar width, and the busbar is a cylinder, and the image features of the diameter also don't change with the observation Angle. This paper temporarily defines the image height of these electrical equipment with circular (ring) features as the image width of the equipment images.
Relationship Derivation between Image Height and Photon Number
The photon numbers can be gained through the detection of ultraviolet imager and the images of the electrical equipment can be obtained by reading the capture images. As shown in the detection model in the Figure, the actual discharging photon number of the insulator is N0, The ultraviolet imager is located in the position with a distance d from the detection target d, and the detected photon number by then is N.
The relationship between the received photon number and the actual photon number is:
In which, the entrance pupil diameter of the ultraviolet imager is D, and D is determined by the parameters of the ultraviolet imaging. When the ultraviolet imager is certain and the detected target is known, we make use of the object-image relation (2) to obtain the detection distance: 
In the formula (2), y' is the image height of the electrical equipment in the width direction, namely the image width. The image width of the electrical equipment in the image can be the diameter of the insulator terminal or the diameter of the grading ring, which can be obtained by reading the image. f is the focal length, which is an inherent equipment parameter of the imager. L is the actual width of the test equipment. The actual discharging photon number can be turned into the relationship with the equipment image width y' as shown in the formula (3). Through the analysis of the image height of the target equipment in the image, we can calculate the actual discharging photon number of insulator, avoiding the influence of the distance d on the photon number of the ultraviolet imager:
In the formula (3), N0 is the actual discharging photon number of the target, which is a constant value. L, f, D is determined by ultraviolet imager, which are also constant values, Assuming that the letter K replaces all the all invariant, namely K=16(L·f) 2 /D 2 . Then, from the formula (3), we can see that the image height y' is in square and proportional relation to the detected photon number N. The formula contains constant K, and K is a constant value relevant to the actual size of the detection instrument and tested objects. In the view of the convenience of the verification, we take the logarithm of both sides of the formula (3), and then work out the formula (4): lg 2 lg ' lg lg (4) Detected photon number N can be obtained by reading the video, the image height y' of the tested object can be indirectly obtained by reading the number of image pixels in the video, which can be done by the formula (4), if the logarithm of the tested photon number is in linear relation with the logarithm of image height of the tested object, and the coefficient is close to 2, then the relationship in the formula (4) is established, that is, the tested photon number is in square and proportional relation to the image height of the tested object. This relationship will be validated with experiment in the sections below. This experiment is conducted in a 500 kV substation in Nanjing Dongshan bridge. The experiment is shown in Figure 3 , and the experiment include the signal source of tested corona, ZF-S2 ultraviolet imager, total station (Suzhou FOIF RTS112SL112SR5L, accuracy of 0.001 m) and fixed tripod; PC and processing software in the late stages. Upon preliminary observation, this experiment adopts two grading rings and a busbar ball as the target to be tested and conduct the test. Test steps are as follows: 1) Select a test site, try to make the detected target unsheltered, and locate the signal in the center of the screen, and keep still;
Composition of Experimental System and Experimental Method Experimental Method
2) Set up ZF-S2 ultraviolet imager, and select a suitable Angle to detect the target, ensure that the relative position between the ultraviolet imager and the test objectives is unchanged, and the adjustment gain is 180. If the signal is strong, we can adjust the defocus of the ultraviolet channel to discrete the signal. The video recording time is 15 s. As shown in Figure 4 , they are images when grading rings and the busbar ball are tested;
3) Set up the total station to detect and record the distance from the ZF-S2 set-up location to the detected target; 4) Reselect test points from a distance apart, repeat the above steps. Six points should be collected; 5) After the completion of the collection, we can use matlab software to read ultraviolet video at each collection point, read the number of connected regions to act as the number of light spots, and then count the average photon number obtained per second within 15 s. 6) Record the photon numbers, detection distances, target pixel numbers during the test, take corresponding logarithmic, and conduct analysis.
Experimental Analysis
The test results of this experiment are shown in table 1 and table 2 and table 3 . We make a record of the detection distance, tested photon number, the image height in the width direction of the detected target (namely the image width) in each testing group. In order to facilitate the counting, we use the number of pixels in the image instead, and calculate the logarithm of the tested photon number and tested image height in each group. According to the logarithm of the photon number and the logarithm of image height y' in the  table 1, table 2 and table 3 By linear fitting for three groups of test data respectively, we can get the slope of 1.986, 2.074 and 1.986 respectively, which are close to the theoretical value of 2. Thus, we can prove that the image height is in square and proportional relation to the detected photon number. By taking the test values of table 1, table 2 and table 3 into the formula (3), we can calculate the actual discharging photon number N0 of the grading ring. In the formula (3), the actual width L of thee grading ring = 1000 mm wide, the actual width L of the busbar ball = 200 mm, the entrance pupil diameter D of the ultraviolet imaging = 55 mm, and the focal length = 160 mm. The photon number, image height and pixel can be available by reading image in the experiment. Then, in turn, we can calculate the actual tested photon number N0 of each group, The results are shown in From the Figure 6 , we can see that calculated photon number N0 in each testing group is closer to each other, and fluctuates on a small scale. After adding correcting distance factor, we can obtain the accurate photon number through the image height of the target. The experiment shows that the actually tested photon number N0 has nothing to do with the observation distance, and it can objectively reflect the strength of the corona. 
Experimental Conclusion

Conclusion
This theoretical analysis and experimental results show that: when the test target has the features of circular (ring) shapes and the size is known, the image width of the test target is in square and proportional relation to the detected photon number. Based on this, we can further deduce the actual discharging photon number of target equipment, so as to avoid the interference of detection distance and also enable that the photon number detected by the ultraviolet imager has a contrast value, which will provides more accurate experimental data for the research of the development of ultraviolet corona detection. From theory to experiment, this study conducts an analysis of the relationship of between the detected photon number and the image height of the tested object. It can be seen from the experimental results that the tested photon number is in square and proportional relation to the image height, which is consistent to the theoretical calculation.
Based on this relationship, we can calculate the actual discharging photon number of the detected target. This experiment has not analyzed the environmental factors, which leads to small fluctuations of the final calculation of the actual photon number. In follow-up research, we will do experiment, analysis and complement for the test environment, distance and correcting factors.
The models of the substation electrical equipment are certain, and we can extend this conclusion to the detection of corona discharge intensity for the whole substation electrical equipment. With no need for laser ranging, we can obtain the actual detection distance, so as to determine the actual discharging photon number. In this way, the detected photon number has a practical significance. This conclusion can be improved and applied to the ultraviolet imager, and we can get the actual discharging photon number of the equipment through quick and simple operations. This will contribute to the research of ultraviolet corona discharge detection and the promotion of the ultraviolet inspection guideline, so as to make better maintenance of the substation electrical equipment and ensure safe and efficient operation of the grid.
